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APPLIED  TECHNOLOGY  LABORATORY  POSITION  STATEMENT 


This  report  is  considered  to  define  effective  concepts  for  slack  wire  strike  protection  that 
have  retrofit  potential  for  existing  Army  helicopters.  Prior  to  implementation  of  any  of 
these  concepts,  full-sce'e  testing  and  cost  effectiveness  analyses  are  required.  Results  of 
this  contract  will  be  considered  in  formulation  of  future  programs  and  aircraft  design 
requirements. 

LeRoy  T.  Burrows  of  the  Aeronautical  Systems  Division  served  as  project  engineer  for 
this  effort. 
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Eight  main  rotor  and  five  tail  rotor  protection  concepts  were 
developed  to  the  extent  that  their  individual  characteristics  could 
be  determined  for  use  in  a  trade-off  evaluation. 

Two  of  the  more  promising  main  rotor  concepts  were  e"aluated  during 
a  whirl  test.  It  was  demonstrated  in  the  test  that  both  concepts 
were  feasible  and  very  effective  in  protecting  the  rotating  contrcld 
fioni  entanglement.  From  the  results  of  the  trade-off  evaluation 
and  testing,  four  main  rotor  and  four  tail  rotor  concepts  were 
recommended  for  further  development. 
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INTRODUCTION 


With  the  increased  low  altitude  and  nap-of-the-earth  operation 
of  U.S.  Army  helicopters,  the  danger  and  number  of  wire  strikes 
have  also  increased.  Equipping  helicopters  with  mechanisms 
that  will  cut  wires  will  result  in  fewer  mishaps  and  casualties 
and  improve  overall  mission  effectiveness.  The  U.S.  Army  has 
procured  a  wire  strike  protection  system  for  the  0H-S8  heli¬ 
copter  to  provide  increased  survivability  against  taut  wires 
striking  the  upper  and  lower  portions  of  the  fuselage.  The 
remaining  areas  of  concern  are  main  and  tail  rotor  blade  wire 
strikes  and  the  entanglement  of  slack  wires  with  the  main  and 
tail  rotor  controls . 

Wire  strikes  have  been  documented  that  involve  hitting  obstacle 
ranging  from  string-  to  steel-reinforced  power  transmission 
lines  with  diameters  of  less  than  0.12  inch  to  over  1.1  inch. 
The  larger  diameter  and  stiffer  wires  are  not  as  likely  to 
wrap  around  rotating  controls  when  these  wires  become  slack. 

The  danger  of  a  mishap  due  to  slack  wires  generally  involves 
monofilament  line,  string,  communication  wire,  and  TOW  missile 
wires  that  have  been  broken.  These  wires  are  relatively 
flexible  and  lightweight,  which  makes  them  susceptible  to 
being  picked  up  by  the  main  rotor  and  wrapped  around  the 
rotating  controls. 

The  WSPS  is  very  effective  on  taut  wires  but  will  not  protect 
the  rotating  controls  from  slack  wire  damage.  A  system  is 
needed  that  will  protect  the  rotating  controls  from  binding 
and  bending  from  the  wrapping  of  slack  wires.  This  report 
identifies  and  develops  various  main  and  tail  rotor  protection 
concepts  into  systems  that  effectively  meet  this  need  for 
controls  protection. 


SLACK  WIRE  PROBLEM  DEFINITION 


There  have  been  many  instances  of  slack  wires,  strings,  and 
ropes  that  have  wrapped  around  main  and  tail  rotor  shafts  and 
controls  of  military  and  civil  helicopters.  One  or  two  wraps 
of  wire  would  not  pose  a  threat;  however,  many  windings  have 
an  additive  effect.  In  the  case  of  rotating  controls,  very 
light  wire  or  string  with  many  wraps  can  bind  or  collapse  the 
pitch  links  causing  difficulty  or  loss  of  control  of  the 
aircraft.  Figure  1  shows  a  rope  from  a  balloon  that  wrapped 
around  the  main  and  tail  rotor  controls.  Because  it  tursis 
five  times  faster  than  the  main  rotor,  the  tail  rotor  has  many 
more  windings . 

Slack  wires  could  be  oriented  in  any  manner  in  space  when  they 
are  "caught"  by  the  helicopter.  Taut  wires  are  generally 
horizontal  and  pose  problems  for  the  fuselage  (cabin  or  landing 
gear).  The  slack  wires  can  be  pulled  into  the  main  or  tail 
rotor  by  the  inflow  of  air  or  "dragged"  across  the  fuselage 
into  the  controls.  Slack  wires  that  pose  the  greatest  threat 
for  entanglement  with  controls  are  generally  small  in  diameter, 
lightweight,  and  very  flexible.  These  wires  can  be  metallic, 
plastic,  or  organic  in  composition  and  very  long. 

A  particular  problem  with  small  diameter  wires  is  that  they 
can  cut  bolts  and  seals  and  penetrate  bearings  as  well  as  wrap 
around  controls.  Figure  2  shows  the  nonrotating  inner  ring  of 
a  swashplate  that  was  damaged  when  a  kite  being  flown  with 
monofilament  line  was  struck.  The  kite  line  wound  around  the 
ring  and  cut  a  groove  1/8-inch  wide  by  3/64-inch  deep.  Another 
potential  military  threat  is  the  injection  of  wires  or  strings 
into  the  paths  of  helicopters.  The  organic  fiber,  Kevlar, 
would  be  a  significant,  threat  due  to  its  low  density,  high 
tensile  strength,  abrasion  resistance,  and  fracture  toughness. 
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CONCEPT  FORMULATION 


DESIGN  CONSIDERATIONS 

Guidelines  and  design  requirements,  which  influenced  the  type 
of  concepts  selected,  were  initially  established  in  the  con¬ 
tract.  The  baseline  helicopter  was  an  OH-58A  equipped  with  a 
WSPS  for  taut  wire  cutting.  The  primary  design  consideration 
was  to  protect  the  main  and  tail  rotor  pitch  change  links  to 
prevent  loss  of  helicopter  control  by  the  pilot.  Both  active 
and  passive  concepts  attached  to  either  the  rotating  controls 
or  airframe  were  to  be  considered.  Passive  concepts  included 
fixed  cutters,  guards,  deflectors,  and  fairings. 

Also  to  be  considered  was  the  adaptability  of  the  baseline 
concepts  to  UH-1  and  AH-1  helicopter  usage.  As  stated  earlier, 
the  OH-5QA  was  u<-od  as  the  baseline  helicopter  for  the  gener¬ 
ation  of  concepts.  Figure  3  shows  three-view  sketches  of  the 
0K-58A  helicopter  with  close-ups  of  the  main  and  tail  rotor 
control  systems.  Figures  4  and  5  show  the  AH-I  and  UH-1 
helicopters,  respectively.  The  upper  fairing  of  the  AH-1 
helicopter  completely  shields  the  fixed  controls  and  swash- 
plate,  thus  preventing  slack  wires  from  becoming  trapped  in 
this  area.  The  upper  fairing  of  the  UH-1  helicopter  leaves 
much  of  the  fixed  controls  and  swashplate  exposed,  leaving  more 
places  for  catching  slack  wires.  The  UH-1  helicopter  also  has 
a  stabilizer  bar  assembly  that  further  complicates  the  rotating 
controls .  The  OH-58A  and  AH-1  helicopters  do  not  have 
stabilizer  bars.  Consequently,  a  slack  wire  protection  system 
for  the  main  rotor  controls  of  the  OH-58A  and  AH-i  helicopters 
would  be  primarily  concerned  with  the  rotating  pitch  links. 

Such  a  system  would  rot  be  as  effective  on  the  UH-1  helicopter. 

The  tail  rotor  of  the  GH-58A  helicopter  is  attached  to  one 
side  of  the  tailboom;  the  vertical  fin  is  attached  to  the 
other  side  and  extends  above  and  below  the  tail  rotor.  The 
tail  rotors  of  the  AH-1  and  UH-1  helicopters  are  attached  to 
the  top  of  the  vertical  fin  exposing  more  of  the  tail  rotor  at 
some  cruise  attitudes,  whera  the  tail  rotors  are  above  the 
main  rotor.  This  increases  the  probability  of  picking  up 
slack  wire.  The  AH-1  and  UH-1  tail  rotors  also  employ  active 
counterweight  assemblies  that  extend  much  further  beyond  the 
tail  rotor  hub  than  the  OH-58A  tail  rotor,  which  has  a  much 
simpler  control  system. 
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For  the  slack  wire  protection  concepts  that  will  be  devised 
for  the  0H-58A  helicopter,  consideration  will  be  given  as  to 
how  these  concepts  could  be  employed  on  the  AH-1  and  TJH-1 
helicopters.  But,  the  concept  development  effort  and  all 
subsequent  refinements  will  be  limited  to  the  OH-58A  heli¬ 
copter. 

PRELIMINARY  ANALYSIS 
Potential  Concepts  Identified 

Ideas  and  approaches  for  slack  wire  strike  protection  concepts 
were  generated  during  brainstorming  sessions  attended  by 
Engineering  Design,  System  Safety,  and  Stress  personnel. 
Attendees  were  briefed  about  the  problem  of  slack  wire  entangle 
ment  and  the  necessary  design  considerations  as  discussed 
earlier.  Concepts  were  not  evaluated  during  the  initial 
sessions  to  generate  a  larger  base  from  which  to  select  and  to 
prevent  concepts  from  being  deleted  prematurely  without  some 
development, 

Twenty-four  main  rotor  and  sixteen  tail  rotor  protection 
concepts  were  identified  and  are  briefly  described  below: 

Main  Rotor  Shielding  Devices 

Fairing  extending  from  existing  cowl  to  rotor. 

-  Rotating  spool  (attached  to  pitch  links)  incorporat¬ 
ing  flanges  to  retain  wire. 

Coarse  mesh  wire  (shaped  similar  to  fairing)  extend¬ 
ing  from  existing  cowl  to  rotor. 

-  Four  vertical  bars  attached  to  cowl  around  rotating 
controls . 

Protective  cylinder  around  each  pitch  link,  which 
allows  controls  to  work  after  cylinders  are  wrapped 
with  wire. 

-  Slip-jointed  tubes  attached  to  the  rotor  hub  and 
swashplate  outside  of  the  pitch  link  radius. 

Main  Rotor  Passive  Cutting  Devices.  (Cutters  do  not  move 
relative  to  mounting  surface.) 


t 


j 

I 


15 


TV&-  TMI  '-ii  't  _ 


Cutter  mounted  forward  of  mast  on  centerline  of 
ship . 

Straight  blade  on  pitch  links. 

Sawtooth  blade  on  pitch  links. 

Sharp  blades  mounted  along  leading  edge  of  hub. 

Sharp  blades  mounted  on  hub  perpendicular  to  rotor 
disc . 

Sharp  blades  mounted  on  fixed  swashplate  ring. 

-  Cutters  mounted  on  outside  and  inside  of  fairing. 

Hook/notch  cutter  mounted  on  rotor  tip. 

Hook/notch  cutter  mounted  at  root  of  blade  on  leading 
edge . 

Hook/notch  cutter  mounted  on  rotating  swashplate 
ring. 

Main  Rotor  Active  Cutting  Devices 

Scissor  mechanism,  operated  from  collective  motion, 
mounted  on  fixed  swashplate  and  housing. 

-  Shear  or  reciprocating  sawtooth  cutter  mounted  on 
centerline  forward  of  mast  (manual  or  automatic). 

Cam-operated  blade  that  would  cut  wire  between  pitch 
links . 

-  Centrifugal  mechanism  that  automatically  deploys  at 
operating  rpm  with  cutting  done  as  tension  in  wire 
increases  (stowed  at  static  position). 

Cam-operated  cutter  at  swashplate  with  tubes  attached 
to  rotor  hub  and  swashplate  to  guide  wire  into 
cutter . 

Main  Rotor  Advanced  Concepts .  (Remove  wire  by  burning. ) 


Laser  device. 


Electrical  discharge. 

-  Engine  bleed  air  heat. 

Tail  Rotor  Protection  Device 

lairing  around  pitch  links  and  yoke. 

Fairing  around  pitch  links. 

-  Fairing  around  shaft  (mast)  mounted  onto  gearbox. 

-  Wire  mesh  (shaped  similar  to  fairing)  around  pitch 
links . 

-  Wire  mesh  device  around  shaft  (mast). 

-  Rotating  cylinder  around  shaft  (mast). 

Tail  Rotor  Passive  Cutting  Devices 

-  Hook/notch  cutter  mounted  at.  the  root  of  blade  on 
leading  edge. 

-  Sharp  blade  mounted  along  leading  edge  of  yoke. 

-  Kook/notch  cutter  mounted  on  rotor  tip. 

-  Blade  mounted  on  pitch  links. 

Blade  mounted  on  gearbox  along  shaft  (mast). 

-  Blade  on  hub  outside  pitch  link/blade  attach  point 

radius . 

Tail  Rotor  Active  Cutting  Devices 

Reciprocating  sawtooth  cutter  mounted  on  transmission. 

-  Centrifugal  mechanism  automatically  deployed  at 

operating  rpm  with  cutting  done  as  tension  in  wire 
increases  (stowed  at  static  posivicn). 

Advanced  Concepts .  (Remove  wire  by  burning. ) 

-  Laser  device. 

-  Electrical  discharge. 

Engine  bleed  air  heat. 
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CONCEPT  SELECTION 


SELECTION  PROCEDURE 

A  qualitative  evaluation  was  conducted  by  Engineering  Design 
personnel  in  which  concepts  suitable  for  refinement  during 
preliminary  design  were  selected  from  the  potential  concepts 
identified  in  the  Preliminary  Analysis  section.  Engineering 
sketches  of  each  potential  concept  were  developed  into  a 
design  for  use  in  the  evaluation.  These  designs  were  developed 
for  effectiveness,  low  weight,  low  cost,  minimal  impact  on 
helicopter  operation,  and  maximum  safety  to  ground  personnel. 
These  sketches  depicted  major  components  in  each  design  with 
enough  detail  to  identify  local  attachment  requirements,  areas 
of  protection,  and  approximate  component  sizes  and  locations 
relative  to  the  helicopter. 

CRITERIA  FOR  SELECTION 


The.  concepts  to  be  refined  were  selected  based  on  their  ef¬ 
fectiveness,  technical  feasibility,  impact  on  basic  helicopter 
operation,  and  adaptability  to  UH-1  and  AH-1  helicopters. 
Effectiveness  was  considered  to  be  a  measure  of  how  well  a 
concept  protected  main  or  tail  rotor  pitch  links  from  various 
slack  wire  threats.  These  threats  included: 

Thin  material  -  TOW  wire. 

Pliable  material  -  monofilament  line  or  Kevlar. 

Thick  material  -  communication  wire  or  loose  power 
lines . 

Material  picked  up  by  rotor  wash. 

Horizontal  slack  material. 

Vertical  slack  material. 

Material  trailing  from  WSPS  or  other  helicopters. 
Multiple  occurrence. 

For  a  concept  to  be  considered  effective,  it  had  to  show  the 
potential  of  protection  from  a  large  number  of  these  threats. 
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Technical  feasibility  was  considered  to  reflect  the  amount  of 
risk  associated  witn  each  concept,  concepts  that  were  complex 
or  that  relied  on  unproven  technology  would  require  a  great 
deal  of  refinement,  to  arrive  at  an  effective  concept  and 
thereby  limit  the  total  number  of  concepts  developed.  For 
this  reason,  concepts  that  could  be  refined  into  effective 
designs  in  a  reasonable  amount  of  time  using  present  technology 
were  selected. 

The  effectiveness  and  feasibility  of  each  concept  was  the 
primary  consideration  for  selection;  adaptability  and  impact 
on  helicopter  operation  were  secondary  considerations.  A 
concept's  impact  on  helicopter  operation  included  any  detri¬ 
mental  effect,  it  had  on  rotor  vibration,  handling  qualities, 
or  scheduled  maintenance . 

Complex  mechanisms  in  most  cases  received  a  low  rating  in  both 
feasibility  and  effect  on  helicopter  operation.  Ihe  design 
concepts  that  incorporated  complex  mechanisms  were  less  reli¬ 
able  and  more  difficult  to  install  and  maintain.  If  these 
concepts  were  in  the  rotating  system,  they  would  significantly 
affect  vibration  if  out  of  adjustment,  installed  improperly, 
or  worn.  The  concepts  selected  for  refinement  during  pre¬ 
liminary  design  are  listed  in  Table  1. 
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TABLE  1.  CONCEPTS  SELECTED  FOR  REFINEMENT 


Main  Rotor  Protection  Concepts 

a.  Shielding  Devices 

1.  Fairing  extending  from  existing  cowl  to  rotor 

2.  Four  vertical  bars  attached  to  cowl  around  rotating 
controls 

b.  Passive  Cutting  Devices 

1.  Sharp  blade  forward  of  mast  on  centerline  of 
helicopter 

2.  Straight  blade  on  pitch  links 

3.  Sawtoothed  blade  on  pitch  links 

4.  Sharp  blades  on  hub  perpendicular  to  rotor  disc 

c.  Active  Cutting  Devices 

1.  Powered  shear  mounted  forward  of  mast  or.  centerline 

2 .  Reciprocating  cutter  mounted  f  '•rward  of  mast  on 
centerline 

Tail  Rotor  Protection  Concepts 

a.  Shielding  Devices 

1.  Fairing  around  pitch  links  and  yoke 

2.  Fairing  around  shaft  fixed  to  transmission 
case 

b.  Passive  Cutting  Devices 

1.  Sharp  blade  along  shaft  mounted  onto 
transmission  case 

2.  Sharp  blade  on  pitch  links 

3.  Sharp  blade  mounted  on  hub  outside  pitch  link/blade 
attachment  radius 


PRELIMINARY  DESIGN 


LAYOUT  DESIGN  STUDIES 

The  design  concepts  listed  in  Table  1  were  refined  during 
preliminary  design  to  the  extent  that  their  individual  charac¬ 
teristics  could  be  defined.  These  characteristics  were  used 
in  a  trade-off  evaluation  in  which  the  most  p  nising  of  the 
design  concepts  were  determined.  The  characteristics  identi¬ 
fied  for  each  concept  during  preliminary  design  were: 

-  Effectiveness 

Weight 

Cost 

Retrof itability 

Adaptability  to  UH-1  and  AH-1  helicopters 

Effect  on  helicopter  dynamics 

Effect  on  helicopter  structure 

«  Effect  on  b  ilicopter  performance 

Interference  with  helicopter  maintainability 
Effect  on  helicopter  radar  cross  section 
Hazard  to  ground  personnel 

Quarter-size  layouts  were  made  cf  each  design  concept  installed 
on  the  helicopter  with  full-size  details  of  local  attachments, 
airframe  modifications,  and  cross  sections.  Also  depicted  on 
each  layout  were  appropriate  fuselage  structure,  rotating 
controls,  and  hub  details  with  control  motions.  Additional 
information  given  on  the  layouts  included: 

Material  type  and  thickness 

Fabrication  techniques 

Fastener  quantities,  type  and  size 
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DESIGN  DESCRIPTION 


The  design  concepts  that  resulted  from  the  design  studies  are 
shown  in  Figures  6  through  15  and  are  discussed  below. 


Main  Rotor  Aerodynamic  Fairing 

The  fairing  shown  in  Figure  6  is  attached  to  the  che 

existing  engine  inlet  cowl  and  extends  to  the  lower  side  of 
the  main  rotor  hub.  The  main  rotor  flapping  extremes  es¬ 
tablished  the  fairing  height.  The  fairing  is  constructed  of 
lightweight  honeycomb  core  with  fiberglass  skin.  For  ease  of 
removal  during  maintenance  or  inspections,  the  fairing  is  made 
in  two  pieces  and  quick- release  fasteners  are  used  throughout. 
Modification  to  the  basic  airframe  involves  installing  approxi¬ 
mately  21  quick-release  fastener  receptacles  and  a  riveted 
doubler  strip. 

Main  Rotor  Pitch  Link  Ring 

The  pitch  link  ring  shown  in  Figure  7  is  attached  to  the  top 
of  the  existing  engine  inlet  cowl  and  extends  to  the  lower 
side  of  the  main  rotor  hub.  The  design  consists  of  a  flat 
ring  positioned  around  the  pitch  links  beneath  the  hub  and 
supported  by  four  vertical  aluminum  tubes.  The  height  arid 
outer  diameter  of  the  ring  were  established  by  flapping 
extremes .  The  tubes  are  attached  to  the  ring  and  engine  inlet 
cowl  with  cast  aluminum  fittings .  The  upper  fittings  incor¬ 
porate  cutting  surfaces.  The  ring  is  constructed  in  two 
pieces  for  ease  of  installation.  The  basic  ring  is  honeycomb 
core  and  fiberglass  skin  with  a  thin  steel  cutting  edge  in  the 
middle  of  the  frame,  which  also  serves  as  a  doubler  at  the 
splice  area.  Modification  to  the  basic  airframe  involves 
bonding  aluminum  doublers  that  have  nutplates  attached  to  them 
at  each  lower  attachment  fitting  location. 

Main  Rotor  Actuated  Cutter 

The  actuated  cutter  is  mounted  on  the  centerline  of  the  engine 
inlet  cowl  forward  of  the  mast.  The  powered  shear  and  recipro¬ 
cating  blade  cutters  were  considered  to  be  similar  designs  and 
are  shown  in  Figure  a.  The  wire  guide  has  a  sharp  edge  for 
static  cutting  and  the  lower  blades  of  each  concept  are  driven 
by  an  electrical  ram.  The  ram  for  the  shear  cutter  is  a 
solenoid  device  that  recycles  after  use.  The  ram  for  the 
reciprocating  cutter  is  a  motor.  The  shear  cutter  incorporates 
a  switch  that  detects  wire  material  and  activates  the  ram  until 
the  material  is  removed.  The  reciprocating  cutter  would  run 
continuously  while  in  a  threat  area. 
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Figure  6.  Main  rotor  aerodynamic  fairing. 
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Figure  7.  Main  rotor  pitch  link  ring. 
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Figure  8.  Main  rotor  actuated  cutter. 
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Main  Rotor  Pitch  Link  Cutters 


As  shown  in  Figure  9  the  pitch  link  cutters  are  mounted  along 
the  pitch  links  facing  outward.  Used  in  conjunction  with  the 
pitch  link  cutters  is  a  single  blade  mounted  on  the  centerline 
of  the  engine  inlet  cowl  forward  of  the  mast.  The  straight 
blade  and  sawtoothed  blade  designs  are  shown  togethex  due  to 
the  similarities  in  their  design.  Two  methods  of  pitch  link 
blade  attachment  are  depicted. 

In  one  method,  a  cutter  is  mechanically  fastened  to  existing 
pitch  links;  the  other  method  incorporates  a  welded  steel  tube 
and  blade  assembly.  Three  configurations  of  the  stationary 
cutting  blade  are  also  shown.  Modification  to  the  basic 
airframe  involves  bonding  an  aluminum  doubler  and  nutplate 
assembly  at  the  base  of  the  forward  stationary  cutter. 

Main  Rotor  Grip  Assembly  Cutters 

As  shown  in  Figure  10,  the  main  rotor  grip  cutters  are  located 
inboard  of  the  blade  bolts  and  perpendicular  to  the  feathering 
axis.  The  cutter  is  attached  to  the  main  rotor  grip  with  a 
two-piece  cast  aluminum  clamp.  The  blade  is  bolted  to  the 
clamp  for  easy  replacement  during  maintenance.  As  shown  in 
Figures  29  and  30,  the  grip  cutters  are  used  in  conjunction 
with  other  concepts  discussed  in  this  report  to  form  protection 
systems.  No  modification  is  required  to  the  basic  helicopter. 

Tail  Rotor  Controls  Cover 


As  shown  in  Figure  11,  the  tail  rotor  controls  cover  concept 
totally  encloses  the  pitch  change  mechanism.  The  installation 
has  four  parts:  a  dome-shaped  thermoplastic  outer  cover,  an 
aluminum-stamped  support  ring,  and  two  aluminum-stamped  inner 
cover  halves.  To  install  the  cover  assembly,  the  support  ring 
is  first  secured  to  the  shaft.  The  inne-  und  outer  covers  are 
then  screwed  to  the  support  ring  and  the  inner  cover  halves 
clamped  to  the  shaft.  Cutouts  are  provided  in  the  inner  cover 
halves  to  allow  clearance  for  tail  rotor  flapping.  The  small 
deflectors  on  the  blade  root  prevent  thin  wire  material  from 
wrapping  around  the  ends  of  the  yoke  at  the  feathering  bearings 
and  locking  up  pitch  change  of  the  blade. 
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Figure  11.  Tail  rotor  controls  cover. 
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Tail  Rotor  Shaft  Cutter 


The  tail  rotor  shaft  cutter,  as  shown  in  Figure  12,  is  posi¬ 
tioned  approximately  parallel  to  and  forward  of  the  tail  rotor 
shaft.  The  cutter  is  a  welded  assembly  and  is  attached  to  the 
gearbox  using  existing  studs.  The  length  of  the  cutting  blade 
was  established  by  tail  rotor  flapping. 

Tail  Rotor  Shaft  Cover 


The  tail  rotor  shaft  cover  is  shown  in  Figure  13.  The  cover 
is  nonrotating  and  is  attached  to  the  gearbox  using  existing 
studs.  The  cover  is  constructed  of  two  aluminum-stamped  cover 
halves  that  are  screwed  together  at  installation. 

Tail  Rotor  Yoke-Mounted  Cutters 

The  tail  rotor  yoke-mounted  cutters  are  shown  in  Figure  14. 

In  the  method  of  fabrication  shown,  the  cutters  are  attached 
to  the  existing  blade  pitch  arm  castings.  The  cutters  are 
castings  with  their  attachment  holes  counterbored  to  provide 
clearance  with  the  yoke.  In  another  method  of  fabrication, 
which  is  not  shown,  the  blade  is  integral  to  the  pitch  arm 
casting  and  replaces  the  existing  part. 

Tail  Rotor  Pitch  Link  Cutters 


The  tail  rotor  pitch  link  cutters  are  shown  in  Figure  15.  The 
cutters  are  mounted  along  the  links  and  face  outward.  Two 
methods  of  blade  attachment  to  the  pitch  links  are  depicted. 

In  one  method,  the  cutter  is  mechanically  fastened  to  existing 
links.  The  other  method  uses  a  link  with  an  integral  blade. 

DESIGN  SUPPORT  TEST 


In  support  of  the  preliminary  design  effort,  simplified  tests 
were  performed  to  obtain  a  better  understanding  of  how  slack 
wire  wraps  around  rotating  controls  and  to  verify  the  feasi¬ 
bility  of  two  selected  main  rotor  protection  concepts. 

Test  Equipment 

Test  Stand.  An  existing  main  rotor  whirl  stand  was  con- 
figured  with  an  OH-58  hub,  pitch  links,  and  associated  hardware. 
Because  of  the  area  available  for  testing,  blades  were  not 
installed  on  the  hub.  The  pitch  links  were  half  the  length  and 
stiffer  than  standard  OH-58  links  and,  due  to  the  method  of  lower 
attachment,  provided  no  pitch  change  to  the  hub. 
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Figure  12.  Tail  rotor  shaft  cutter. 
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14.  Tail  rotor  yoke-mounted  cutter. 
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This  hub  is  shown  in  Figure  16.  The  hub  and  pitch  links  were 
belt,  driven  at  300  rpra  by  a  75-hp  electric  motor. 

Protection  Concepts.  Two  protection  concepts  were  selected 
for  testing,  the  pitch  link  ring  and  the  pitch  link  cutters 
similar  to  those  shown  in  Figures  4  and  6,  respectively.  The 
pitch  link  ling  concept,  as  shown  in  Figure  17,  was  fabricated 
using  an  aluminim  upper  ring  with  the  outer  diameter  sharpened 
for  its  cutting  surface.  The  height  of  the  ring  was  approxi¬ 
mately  half  of  actual  size  due  to  the  test  stand  geometry.  As 
shown  in  Figure  18,  two  blade  shapes  (straight  and  sawtooth) 
were  tested  on  the  pitch  links  to  determine  which  blade  was 
more  effective  in  cutting  the  various  materials.  The  type  of 
cutv.er  to  be  evaluated  was  selected  by  adjusting  the  pitch 
link  rod  ends  such  that  the  pitch  link  could  be  rotated  to 
position  the  desired  cutter  on  the  outermost  surface  of  the 
link.  As  seen  in  Figure  19,  the  edge  on  the  straight  blade 
was  fairly  blunt,  approximately  a  90-degree  included  angle. 

The  sav.'tooth  blade,  as  shown  in  Figure  20,  had  a  flat  sloping 
cutting  surface  similar  to  a  shear  with  the  notched  area  a 
smooth  radius.  The  sharpness  of  both  blade  types  was  con¬ 
sidered  to  be  realistic  and  easily  maintainable  in  actual 
service . 

Wire  Material.  Three  types  of  wire  material  were  tested  - 
Kevlar,  communication  wire,  and  TOW  wire.  The  Kevlar  material 
was  60  end  count  roving  with  each  end  containing  134  filaments. 
Two  lengths  of  communication  wire  were  intertwined  and  tested 
together.  Each  lengtn  of  wire  was  composed  of  five  strands  of 
steel  wire  covered  with  an  insulation  material.  Two  lengths 
of  TOW  wire  were  also  intertwined  and  tested  together. 

Baseline  Test 


Initial  testing  was  conducted  on  ♦‘he  basic  test  stand  (unpro¬ 
tected  standard  te6t  pitch  links)  configured  as  shown  in 
Figure  16.  The  purpose  was  to  learn  more  about  the  mechanism 
involved  in  pitch  link  wrapping  from  horizontal  and  vertical 
slack  wire  material. 

Horizontal  Wire  Material.  The  first  attempt  at  wrapping  wire 
material  around  the  pitch  links  and  generating  high  collapsing 
forces  was  unsuccessful.  One  end  of  a  10-foot  length  of 
Kevlar  roving  was  secured  to  a  pitch  link  and  loosely  wound 
around  the  links  with  the  other  end  secured  to  the  mast. 

There  was  no  change  in  roving  tension  after  hub  rotation  for 
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Figure  18.  Pitch  link  cutter  concept  test  hardware 


Figure  19.  Pitch  link  cutter. 
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approximately  4  minutes.  However,  high  collapsing  forces  were 
produced  when  4  to  5  pounds  of  tension  was  applied  to  the 
Kevlar  as  it  wrapped  around  the  pitch  links.  The  means  of 
applying  this  tension  and  the  results  of  this  test  are  shown 
in  Figure  21.  The  material  was  unwound  from  a  spool  that 
incorporated  a  disc  and  spring-loaded  calipers  to  cause  re¬ 
sistance  to  rotation.  The  amount  of  tension  in  the  roving  was 
determined  with  a  spring  scale. 

Vertical  Wire  Material.  The  basic  test  stand  was 
configured  as  shown  in  Figure  22  to  evaluate  vertical  slack 
wire  material.  The  spool  used  to  apply  the  tension  to  the 
Kevlar  was  positioned  below  the  hub  and  the  free  end  secured 
to  the  overhead  cable.  This  position  was  selected  for  the 
spool  because  the  material  above  the  hub  does  not  wrap  around 
the  pitch  links.  After  the  material  was  positioned,  the  motor 
was  started.  The  results  of  the  test  are  shown  in  Figure  23. 
The  Kevlar  wrapped  approximately  one  turn  around  the  pitch 
links  and  the  remainder  was  coiled  around  the  mast  betv;een  the 
lower  link  attach  plate  and  the  upper  test  stand,  which  is  the 
interface  between  the  rotating  and  nonrotating  system.  This 
wrapping  pattern  is  very  similar  to  that  experienced  in  the 
actual  mishap  shown  in  Figure  1.  These  results  indicate  that 
for  material  oriented  vertically  at  contact  the  lower  portion 
of  the  rotating  controls  will  receive  the  majority  of  wrapped 
material.  This  fact  is  also  suggested  by  the  damaged  swash- 
plate  shown  in  Figure  2,  which  is  located  on  the  helicopter  at 
the  interface  of  the  rotating  and  nonrotating  portion  of  the 
controls . 


Pitch  Link  Rinc 


Two  tests  were  used  to  evaluate  the  pitch  link  ring  concept 
for  the  protection  it  provided  against  vertical  wire  material. 
The  first  test  used  an  identical  method  to  introduce  the 
Kevlar  as  in  the  baseline  test  and  is  shown  in  Figure  24.  For 
the  second  test,  the  free  end  of  the  Kevlar  was  secured  to  the 
outboard  portion  of  the  hub  instead  of  the  overhead  cable. 

The  results  of  the  first  test  are  shown  in  Figure  25.  The 
Kevlar  was  cut  immediately  after  the  motor  was  started-  The 
results  of  the  second  test  are  shown  in  Figure  26.  The  Kevlar 
wound  around  the  upper  ends  of  the  pitch  links  and  was  cut 
after  approximately  30  seconds  of  hub  rotation. 


It  was  felt  that  the  different  cutting  results  of  the  two 
tests  were  related  to  the  orientation  of  the  Kevlar  with 
respect  to  the  cutting  surface  at  the  time  cutting  occurred. 


Figure  22.  Vertical  wire  baseline  test  setup. 
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The  Kevlar  in  the  second  test  was  secured  on  the  hub  outboard 
and  above  the  cutting  ring  outer  surface,  and  with  hub  rotation 
wrapped  around  the  pitch  links  above  the  ring.  As  represented 
in  Figure  27,  the  wrapping  of  the  Kevlar  around  the  pitch 
links  caused  it  to  slide  over  the  cutting  edge  at  an  unfavor¬ 
able  orientation  for  efficient  cutting.  However,  in  the  first 
test  the  Kevlar  was  forced  inboard  into  the  center  of  the  hub 
at  initial  rotation  and,  as  represented  in  Figure  28,  formed  a 
more  vertical  and  efficient  cutting  angle. 

The  results  of  these  tests  would  suggest  that  the  cutting  edge 
of  the  ring  should  be  modified  to  cut  material  at  any  orien¬ 
tation. 

Pitch  Link  Cutter 

The  standard  test  pitch  links  were  removed  and  the  pitch  link 
cutters  shown  in  Figure  18  were  installed.  The  pitch  link 
cutters  were  evaluated  for  wire  material  entering  horizontally. 
Three  types  of  wire  material  were  tested  -  TOW  wire,  communi¬ 
cation  wire,  and  Kevlar  roving  for  each  of  the  cutter  blade 
types,  straight  and  sawtooth. 

The  wire  material  was  introduced  using  the  same  method  as 
discussed  for  the  horizontal  wire  baseline  test.  For  each 
test,  the  free  end  of  the  wire  material  being  evaluated  was 
secured  to  a  pitch  link  and  the  motor  then  started.  The 
straight  blade  cutter  cut  all  three  types  of  wire  material 
i mmediately,  not  allowing  any  additional  material  to  be  wrapped 
around  the  pitch  links.  The  sawtooth  blade  cut  the  Kevlar  and 
TOW  wire  immediately  but  did  not  cut  the  communication  wire. 

The  communication  wire  started  filling  in  the  notched  area  so 
that  the  wire  was  being  wound  on  wire  and  the  sharp  edges  were 
not  contacted.  This  result  was  largely  due  to  the  lack  of 
sharpness  and  configuration  of  the  edge  in  the  notched  area. 

The  sawtooth  blade  was  smooth  in  the  notched  area  and  did  not 
cut  the  wire  on  initial  contact.  It  is  felt  that  it  would  be 
premature  to  eliminate  the  sawtooth  blade  concept  based  on 
this  test  configuration  without  addition  .1  edge  development. 

The  sawtooth  blade  offers  potential  features  that  are  discussed 
later  in  the  report. 
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TRADE-OFF  EVALUATION 


After  the  concepts  were  refined  during  preliminary  design,  a 
trade-off  evaluation  was  conducted  to  determine  to  what  extent 
the  desired  characteristics  were  incorporated  into  each  design. 

his  was  performed  by  establishing  the  important  parameters 
and  assigning  a  relative  grade  for  each  parameter.  Comparisons 
between  the  concepts  will  be  made  qualitatively  based  on  how 
their  individual  parameters  are  judged. 

PARAMETER  DEFINITION 

The  individual  parameters  and  methodology  for  establishing 
their  relative  ratings  are  described  below. 

Effectiveness .  The  effectiveness  of  a  concept  was  con¬ 
sidered  to  be  a  measure  of  how  well  it  protects  the  rotor 
controls  from  bending  or  failing.  Each  concept  was 
categorized  as  excellent,  good,  or  marginal.  An  excellent 
rating  applied  to  a  concept  that  cut  or  shielded  all 
types  of  slack  wire  from  the  entire  control  system.  A 
good  rating  applied  to  a  concept  that  was  effective 
against  most  types  of  slack  wire  and/or  protected  most  of 
the  control  system.  A  marginal  rating  applied  to  a 
concept  that  was  effective  against  one  type  of  slack  wire 
and/or  protected  only  one  portion  of  the  control  system. 

Weight ■  The  weight  of  a  concept  is  a  function  of  its 
size,  materials,  attachment,  and  necessary  modifications 
of  the  aircraft.  The  weight  of  a  concept  was  charac¬ 
terized  as  negligible  if  there  were  no  structural  changes 
to  the  aircraft,  there  was  minimal  attachment  hardware, 
and  if  the  weight  of  the  protection  device  was  lesB  than 
five  pounds  (e.g.,  sharp  edges  on  the  pitch  links).  A 
moderate  rating  applied  when  the  device  weighed  over  five 
pounds,  attachment  assemblies  were  required,  and  some 
structurax  changes  to  the  aircraft  were  necessary.  A 
significant  rating  applied  when  the  device  weigned  over 
fifteen  pounds  and  the  basic  structure  of  the  aircraft 
required  reinforcing. 

Cost ■  The  cost  of  a  concept  is  a  function  of  the  parts 
count,  materials,  fabrication  techniques,  complexity,  and 
modifications  to  the  aircraft.  A  minimal  cost  rating 
applied  when  common  materials  were  used,  minimal  changes 
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to  the  aircraft  were  red,  and  the  device  had  few  and 

simple  parts.  A  mo  rating  applied  when  the  device 

complexity  was  apprec.  _ie  and  aircraft  changes  were 
required.  A  significant  rating  applied  to  a  device  that 
was  complex,  had  an  appreciable  parts  count,  and  required 
replacement  or  additional  aircraft  structure. 

Retrofit  Suitability.  The  suitability  of  a  concept  for 
retrofit  'on  an  OH-58  was  rated  as  good  or  poor.  A  concept 
had  good  retrofit  suitability  if  a  minimum  amount  of 
modification  was  required  for  its  installation  and  poor 
suitability  if  extensive  helicopter  changes  were  necessary. 

UH-l  and  AH-1  Adaptability.  The  adaptability  of  the 
OH- 5 8  devised  concept  to  UH-l  and  AH-1  helicopters  was 
rated  as  good  or  poor.  A  concept  had  good  adaptability 
if  the  OH-58  concept  could  be  used  with  little  or  no 
change  and  poor  adaptability  if  major  changes  were  re¬ 
quired  . 

Dynamics .  The  effect  of  the  concept  on  helicopter  dynamic 
characteristics  was  rated  as  minimal  or  significant.  The 
concept  had  a  minimal  effect  on  helicopter  dynamics  if 
the  concept  component  natural  frequencies  were  such  that 
only  occasional  local  vibrations  resulted.  The  concept 
had  a  significant  effect  on  helicopter  dynamics  if  air¬ 
frame  or  rotor  frequencies  were  changed  such  that  ob¬ 
jectionable  or  damaging  vibrations  could  result. 

Structural .  Helicopter  structural  effectG  of  a  concept 
were  considered  to  be  any  increase  in  airframe  or  rotor 
component  loads  or  decrease  in  existing  structure  strength 
due  to  its  installation  and  were  rated  as  being  minimal, 
moderate,  or  significant. 

Performance .  Helicopter  performance  as  described  herein 
is  constiued  as  relating  to  static  and  dynamic  handling 
qualities  and  power  requirement  changes  due  to  a  concept's 
increase  in  helicopter  frontal  and/or  profile  areas. 

These  effects  were  rated  as  being  minimal,  moderate,  or 
significant . 

Maintainability.  The  impact  of  a  concept  on  helicopter 
maintainability  is  a  function  of  the  interference  that 
the  concept  will  have  on  routine  inspection';  and  main¬ 
tenance.  Concepts  that  hide  or  prevent  access  to  cex cain 
areas  of  the  helicopter  would  include  fairings  or  shields. 
F.ach  concept  was  rated  to  have  a  minimal,  moderate,  or 
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significant  effect  on  the  overall  helicopter  maintain- 
abi lity . 

Radar  cross  Section.  The  amount  of  additional  helicopter 
radar  cross  section  attributable  to  a  concept  was  con¬ 
sidered  to  be  a  function  of  its  size,  location,  and  shape 
and  was  rated  as  minimal,  moderate,  or  significant. 

Personnel  Hazard.  The  hazard  presented  by  a  concept  was 
considered*"to  be  a  function  of  the  danger  it  presents  to 
ground  personnel.  The  amount  of  hazard  present  was  rated 
as  no  hazard,  some  hazard,  or  very  hazardous. 

CONCEPT  COMPARISONS 

To  simplify  the  presentation  of  the  relative  grade  of  each 
concept,  symbols  were  assigned  to  each  oi  the  parameter,  rating 
categories.  These  symbols  and  their  meaning  for  each  parameter 
are  shown  in  Table  2 . 

The  pa/ ameter  ratings  loi  each  concept,  are  shown  hi  Table  3 
for  main  rotor  concepts  and  rn  Table  4  for  tail  rotor  concepts. 
A  descr iption  of  the  technical  characteristics  of  each  concept 
is  given  below,  in  which  advantages  and  disadvantages  of  the 
design  are  discussed.  Also,  recommendations  are  made  as  to 
whether  a  concept  should  be  rejected  or  further  developed  and 
tested . 

M*  j  n  not  o i  Ae i' ndynamic  Fairings 

The  lairing  offers  protection  fc-r  .i'  1  but  a  siml!  portion  of 
the  upper  ends  of  the  pitch  li'-kc  and  a  majority  of  the  slack 
wire  threats.  However,  vertical  wire  material  encountered 
could  become  wrapped  around  the  pitch  links  similar  to  that 
experienced  during  testing  of  the  pitch  link  ring  concept 
shown  in  figure  29.  For  this  reason,  the  ef fectiveness  of  the 
fairing  received  a  "good"  rating. 

The  operation  of  the  helicopter  is  degraded  due  to  the  size 
and  location  of  the  fairina.  Maintenance  of  the  helicopter 
would  be  moderately  affected  because  an  additional  cowling 
would  have  to  bo  removed  during  scheduled  maintenance.  Also, 
more  time  would  be  required  for  preflight  inspection  of  the 
rotating  controls. 

Jt  is  felt  that  the  fairing  would  cause  a  significant  deg¬ 
radation  in  per frrmance  and  handling  qualities  of  the  heli 
copter . 
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Figure  29.  Main  rotor  aerodynamic  fairing  and  grip-mounted  cutter. 


The  additional  cross-sectional  area  of  the  fairing  would  cause 
a  reduction  in  the  maximum  attainable  airspeed  in  level  flight 
and  a  possbile  increase  in  turbulent  airflow  over  the  tail 
rotor  and  vertical  fin.  The  actual  performance  and  handling 
quality  effects  of  the  fairing  would  have  to  be  evaluated  in  a 
flight  test  program. 

The  adaptability  of  the  fairing  was  considered  poor.  The 
higher  airspeed  of  the  AH-1  helicopter  and  the  greater  distance 
between  the  rotor  and  fuselage  on  the  UH-1  helicopter  would 
possibly  cause  a  greater  degradation  in  performance  and  handling 
qualities  than  the  OH-58  helicopter. 

variations  in  the  fairing  concept  were  considered  to  improve 
its  overall  rating.  The  grip  assembly  cutter  was  combined 
with  the  fairing,  as  shown  in  Figure  30,  to  protect  the  upper 
portion  of  the  pitch  links.  The  effectiveness  of  the  system 
is  considered  to  be  excellent,  but  the  cutter  added  an 
additional  degree  of  hazard  and  degraded  the  operation  of  the 
helicopter.  The  fairing  shape  and  helicopter  configuration 
could  be  developed  during  a  flight  test  program  to  improve  or 
to  correct  the  reduced  performance  and  handling  qualities; 
however,  it  would  be  expensive  and  have  a  risk  associated  with 
it.  It  was  felt  that  the  excellent  effectiveness  of  the 
fairing  system  did  not  offset  its  known  deficiencies  and 
potentially  high  development  cost  and,  therefore,  should  not 
be  considered  a  viable  concept. 

Main  Rotor  Pitch  Link  Ring 

The  feasibility  and  effectiveness  of  the  pitch  link  ring  was 
successfully  demonstrated  during  testing.  The  concept  has  the 
potential  <jf  wicfcllent  protection  for  the  pitch  links  and 
swashplate  from  wire  material  oriented  vertically.  Protection 
from  horizontal  (parallel  to  swashplate  rotation  plane)  wire 
material  would  be  good  with  a  small  portion  of  the  upper  pitch 
links  exposed.  Marginal  protection  would  be  offered  for 
material  encountered  parallel  to  the  centerline  of  the  heli¬ 
copter  . 

The  concept  is  lightweight,  low  in  cost,  and  has  minimal 
effect  on  helicopter  operation.  Installation  of  the  design  is 
simple,  and  retrof itability  and  adaptability  would  be  good. 

The  structural  strength  and  stiffness  of  the  support  tubes 
would  have  to  be  evaluated  during  additional  development 
testing.  Any  possible  threats  should  be  identified  that  might 
cause  high  loads  and  deflect  the  ring  into  the  rotating 
controls . 
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Variations  in  the  concept  were  considered  to  improve  its 
overall  rating.  The  grip  assembly  cutter  was  combined  with 
the  pitch  link  ring  to  protect  the  upper  portion  of  the  pitch 
links  and  is  shown  in  Figure  30.  The  effectiveness  of  the 
resulting  system  would  be  excellent  for  vertical  and  horizontal 
threats  and  would  not  significantly  affect  the  other  parameters. 

The  pitch  link  ring  concept  and  its  variation  are  both  prom¬ 
ising  concepts  and  should  be  developed  and  tested  further. 

Main  Rotor  Actuated  Cutter 


The  effectiveness  of  the  shear  cutter  or  reciprocating  cutter 
would  be  marginal.  Protection  from  horizontal  (perpendicular 
to  helicopter  centerline)  wire  material  would  be  good.  Hori¬ 
zontal  wire  that  draped  and  trailed  across  the  upper  guide 
blade  could  become  entangled  in  the  pitch  links  before  the 
tension  in  the  wire  became  sufficient  to  cause  cutting  on  the 
sharp  guide.  The  cutters  would  offer  marginal  protection 
against  vertically  oriented  material  or  material  aligned  with 
the  helicopter  centerline.  The  cutter  would  be  effective  for 
those  cases  in  which  vertical  wire  material  was  caught  on  the 
hub  and  rotated  forward  of  the  guide  blade  and  across  it.  For 
cases  similar  to  those  tested  in  which  the  material  was  forced 
into  the  center  of  the  hub,  the  cutte*  would  be  useless. 

Additional  design  development  would  be  required  to  define  the 
internal  mechanism  of  the  rams  and  electrical  installation. 

The  design  would  involve  modifications  to  airframe  structure 
and  electrical  panels  and  make  retrofit  complicated.  The 
mechanism  would  require  periodic  lubrication  and  cleaning  and 
pose  a  serious  hazard  to  ground  personnel. 

It  is  felt  that  the  effectiveness  of  the  actuated  cutters  does 
not  offset  the  other  major  deficiencies  and,  therefore,  should 
not  be  considered  a  viable  concept. 

Main  Rotor  Pitch  Link  Cutters 


The  feasibility  of  cutting  slack  wire  as  it  wraps  around  the 
rotating  controls  was  successfully  demonstrated  during  testing 
These  results  are  discussed  on  page  58.  All  materials  identi¬ 
fied  for  testing  were  cut.  The  concept  offers  excellent 
protection  from  horizontal  wire  material  and  has  the  potential 
of  excellent  protection  from  vertical  wire  material. 
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The  concept  is  lightweight,  low  in  cost,  and  has  minimal 
effect  on  helicopter  operation.  Installation  of  the  design  is 
simple,  and  retrofitability  and  adaptability  would  be  good. 

The  sharp  edges  '  ould  be  covered  with  a  simple  sheath  to 
protect  ground  <  ...  maintenance  personnel  from  injury. 

The  contribution  of  the  forward  blade  to  the  overall  effective¬ 
ness  of  the  pitch  link  cutters  was  not  tested.  The  forward 
blade  installation  is  a  major  portion  of  the  concept  weight, 
and  additional  testing  could  establish  if  the  change  in  ef¬ 
fectiveness  it  piovided  was  worth  the  weight  and  cost  penalty. 
The  forward  blade  in  some  cases  could  provide  the  necessary 
tension  required  for  cutting  vertical  or  horizontal  wire 
materials  by  the  pitch  link  cutters.  Horizontal  wire  that 
became  draped  over  the  forward  blade  and  wrapped  around  the 
rotating  controls  could  be  cut  by  its  edge  or  the  pitch  link 
blade.  The  forward  blade  would  also  be  effective  for  those 
cases  in  which  vertical  wire  material  was  caught  on  the  hub 
and  rotated  forward  of  the  blade  wrapping  around  it  and  the 
pitch  links. 

Additional  development  of  the  sawtoothed  pitch  link  blade 
shape  could  improve  cutting  effectiveness  on  thicker  diameter 
and  vertical  wire  materials.  As  shown  .in  Figure  31,  the 
selected  angle  of  the  sawtooth  blade  could  cause  relative 
motion  between  the  cutting  surface  and  the  wire  material  as  it 
wrapped  and  cut  more  efficiently.  The  blade  edge  shape  tested 
for  the  sawtooth  configuration  was  less  refined  than  the 
straight  blade  edge.  Cutting  efficiency  of  the  sawtoothed 
blade  could  also  be  improved  if  a  cutting  edge  similar  to  the 
straight  blade  were  used  in  the  notched  area. 

Variations  of  the  pitch  link  cutter  concept  should  be  evalu¬ 
ated  during  additional  testing.  Swashplate  protection  for 
vertical  wire  material  could  be  improved  by  adding  a  low  pitch 
link  ring  concept.  The  3-  to  4-inch-tall  ring  would  either 
cut  the  wire  or  redirect  the  wire  to  the  pitch  link  cutter 
edge  at  a  more  favorable  orientation  for  cutting. 

Grip  Assemby  Cutter 

The  grip  assembly  cutter  concept  as  discussed  earlier  was  pri¬ 
marily  used  in  conjunction  with  other  concepts  to  form  a  pro¬ 
tection  system.  As  an  individual  concept,  the  grip  cutter 
would  have  poor  overall  effectiveness;  however,  when  combined 
with  other  concepts,  it  offers  excellent  protection  for  the 
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Figure  31 


Effect  c.'f  pitch  link  cutter  blade  shape 
on  cutting  motion. 


upper  pitch  links  against  all  threats.  The  blades  are  angled 
lsuch  that  wire  material  would  not  collect  and  bind  the  feather 
ing  axis  of  the  blade. 

The  cutters  are  lightweight,  low  in  cost,  and  have  minimal 
effect  on  helicopter  operation.  Installation  of  the  design  is 
simple,  and  retrof itability  and  adaptability  would  be  good. 

The  sharp  edges  could  be  covered  with  a  simple  sheath  and 
strap  to  protect  ground  and  maintenance  personnel  from  injury. 

The  grip  cutters  as  an  individual  concept  should  be  rejected 
but  should  be  considered  in  the  development  and  testing  of 
other  concepts . 

Tail  Rotor  Controls  Cover 

The  tail  rotor  controls  cover  would  offer  excellent  protection 
for  the  pitch  change  mechanism  against  all  threats.  However, 
material  can  become  wrapped  around  the  shaft  and  have  adverse 
effects  on  tail  rotor  flapping.  For  this  reason,  the  overall 
effectiveness  was  considered  to  be  only  good. 

The  weight  and  cost  of  the  cover  would  be  moderate.  The 
weight  calculations  for  all  tail  rotor  concepts  included  the 
ballast  adjustments  required  at  the  nose  to  keep  the  center  of 
gravity  of  the  helicopter  unchanged  with  the  concepts  installed 

Maintainability  of  the  helicopter  is  moderately  affected 
because  additional  covers  would  have  to  be  removed  during 
scheduled  maintenance,  more  time  would  be  required  for  pre¬ 
flight  inspection  of  the  pitch  change  mechanism,  and  tail 
rotor  balancing  would  require  more  time. 

Variations  in  the  cover  concept  were  considered  to  improve  its 
overall  rating.  Either  the  shaft  cutter  or  the  shaft  cover 
would  combine  with  the  controls  cover  to  protect  the  area 
between  the  gearbox  and  the  yoke.  The  effectiveness  of  the 
resulting  system  was  considered  to  be  excellent  and  not  detri¬ 
mental  to  the  ether  parameters . 

The  tail  rotor  cover  and  its  variations  are  all  promising 
concepts  and  should  be  developed  further. 

Tail  Rotor  Shaft  Cutter  and  Shaft  Cover 

The  shaft  cutter  and  shaft  cover  concepts  as  discussed  earlier 
were  primarily  used  in  conjunction  with  other  concepts  to  form 


a  protection  system.  As  individual  concepts,  the  shaft  cutter 
and  shaft  cover  would  each  have  poor  overall  effectivity. 

But,  when  combined  with  other  concepts,  they  offer  excellent 
protection  for  the  area  between  the  gearbox  and  the  yoke . 

The  cover  and  cutter  are  each  lightweight,  low  in  cos1",  and 
have  minimal  effect  on  helicopter  operation.  Installation  of 
the  designs  is  simple,  and  retrofitability  and  adaptability 
would  be  good. 

The  shaft  cutter  and  shaft  cover  as  individual  concepts  should 
be  rejected  but  should  be  considered  in  the  development  and 
testing  of  other  concepts. 

Tail  Rotor  Yoke  Cutter s 

The  yoke  cutter  would  have  marginal  overall  effectiveness.  It 
would  provide  excellent  protection  for  the  pitch  change  bear¬ 
ings  and  the  ends  of  the  yoke.  However,  little  protection 
would  be  offered  the  pitch  change  mechanism.. 

Although  the  cutters  are  lightweight  and  low  in  cost,  they 
could  cause  a  moderate  increase  in  pilot  effort.  The  added 
weight  of  the  cutters  on  the  pitch  arm  ring  would  combine  with 
the  existing  balance  weights  to  cause  an  increase  in  pedal 
forces  and  more  pitch  link  bearing  wear.  These  effects  could 
be  minimized  by  additional  design  and  analysis. 

The  adaptability  of  the  cutters  is  poor  because  the  design 
would  have  to  be  significantly  modified  for  use  on  UH-1  and 
AH-1  helicopters. 

The  yoke  cutter  would  require  a  moderate  amount  of  additional 
development,  but  it  offers  the  potential  of  excellent  pro¬ 
tection  for  the  pitch  change  bearing  area.  It  could  be  used 
in  conjunction  with  other  concepts  to  improve  overall  effective¬ 
ness  and,  for  this  reason,  the  yoke  cutters  should  be  developed 
and  tested  further. 

Tail  Rotor  Pitch  Link  Cutters 

The  pitch  link  cutter  would  have  marginal  overall  ef fectiveness . 
It  would  provide  excellent  protection  for  the  pj  tch  change 
mechanism  but  little  protection  for  the  pitch  charge  bearings 
and  yoke  ends. 
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The  concept  is  lightweight,  low  in  cost,  and  has  minimal 
effect  on  helicopter  operation.  Installation  of  the  design  is 
simple,  and  retrof itability  and  adaptability  would  be  good. 

The  sharp  edges  could  be  covered  with  a  simple  sheath  to 
protect  ground  and  maintenance  personnel  from  injury. 

Variations  in  the  pitch  link  cutter  concept  were  considered  to 
improve  its  overall  effectiveness.  The  yoke  end  shaft  cutters 
were  combined  with  the  pitch  link  cutters  to  form  a  system 
that  could  provide  excellent  overall  protection  with  minimal 
effect  on  weight  and  cost. 

The  pitch  link  cutter  as  an  individual  concept  should  be 
rejected  but  should  be  considered  in  the  development  and 
testing  of  other  concepts. 
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CONCLUSIONS 


The  two  most  promising  wire  protection  concepts  selected  for 
full-scale  testing  were  the  pitch  link  ring  and  pitch  link 
cutters.  Two  pitch  link  cutter  configurations  were  tested. 
Three  types  of  wire  material,  aligned  vertically  and  hori¬ 
zontally,  were  tested.  It  was  demonstrated  by  these  tests 
that  both  concepts  could  cut  wires  before  a  disastrous  buildup 
could  form.  In  addition  to  validating  the  concepts,  the  tests 
disclosed  some  useful  information  regarding  the  behavior  of 
the  wires  during  different  encounter  situations. 
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RECOMMENDATIONS 


Based  on  the  results  of  this  effort,  it  is  recommended  that: 

1.  The  following  concepts  be  fabricated  and  tested. 

For  main  rotor  protection: 

Pitch  link  ring 

Pitch  link  ring  with  grip  cutters 
Pitch  link  cutters 

Pitch  link  cutters  with  modified  pitch  link 
ring 

For  tail  rotor  protection: 

Controls  cover 

-  Controls  cover  with  shaft  cutter 

Controls  cover  with  shaft  cover 

Pitch  link  cutter  with  shaft  cutter  and  yoke 
cutter 

2.  The  functional  testing  of  the  main  rotor  protection 
devices  continue  and  expand  in  scope  to  include  all 
actual  rotating  hardware  and  measurements  of  the  non¬ 
rotating  input  control  forces. 

3.  The  functional  testing  of  the  tail  rotor  protection 
devices  include  all  actual  rotating  hardware  (including 
blades)  and  measurements  of  the  nonrotating  input  control 
forces . 
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